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An apparatus within fa pipelined microprocessor for 

forwarding store instruction results to a pipeline 

stage for execution of a load instruction, the 

apparatus comprising 

a result forwarding cache (RFC) , for storing a 

L 

plurality of store instruction results; 
I j 

comparison logic, / for comparing a load address of the 
load instruction with a plurality of store 
addresses associated with said plurality of store 
instruction, results to generate an address match 
signal; ar 

control logic j configured to receive said match signal 
I * * 

and selectively forward one of said plurality of 
store instruction results from said RFC to the 

P 

pipeline stage in response to said match signal. 
/ ' 

The apparatus of claim 1, wherein said plurality of 
I ^ 

store instruction results comprise data to be stored 
I ' 

from the mijcroprocessor into a memory attached thereto. 

The apparatus of claim 1, wherein said load address 

j 

specifies I. a location of data to be loaded into the 
microprocessor from a memory attached thereto. 



The apparatus of claim 1, wherein said RFC comprises a 



plurality 



of 



storage elements for storing a 

predetermined number of instruction results. 
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The apparatus of claim 4, wlrerein said instruction 
results are received by said RffC from an execution unit 
of the microprocessor. // 

The apparatus of claim 4 /'■'wherein said plurality of 
storage elements store $4id predetermined number of 
instruction results in a/'f irst-in-f irst-out manner. 

The apparatus of claim 4, wherein said predetermined 
number of instruction /{results is five. 

The apparatus of claAiti 1, wherein said load address and 
said plurality of/ ; store addresses comprise virtual 
addresses. /'/ 

The apparatus hi claim 8, wherein said virtual 
addresses comprise x86 linear addresses. 
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An apparatus for forwarding Itorehit data within stages 
of a pipelined microprocessor , the apparatus 
comprising: / 

a result forwarding cache /(RFC) , configured to forward 
a first plurality of/ptore instruction results; 

a data unit, configured j^o forward a second plurality 
of store instructicM results; and 

selection logic, couplfed to said RFC and said data 
unit, for selectively providing one of said first 
and second plurality of store instruction results 
to a stage of the microprocessor pipeline 
executing a loacy instruction. 

The apparatus of / claim 10, wherein said load 
instruction comprises a load address for specifying an 
address of data td be loaded into the microprocessor, 
wherein said selection logic, is configured to forward 
one of said fiirst and second plurality of store 
instruction results only if said load address matches 
one or more of /a first and second plurality of store 
addresses corresponding to said first and second 
plurality of st|bre instruction results. 

The apparatus/ of claim 11, wherein selection logic 
forwards said! first plurality of store instruction 
results forwarmed by said RFC at a higher priority than 
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/ 

,i ■ 

said second plurality of store instructions results 
forwarded by said data unit if said load address 
matches both one or more /of said first plurality of 
store addresses and on® or more of said second 
plurality of store addresses. 

The apparatus of claim Jl, further comprising: 
comparison logic, coupied to said selection logic, for 

b 

comparing said lfiad address with said first and 
second plurality/', of store addresses to determine 
whether said load address matches one or more of 
said first apd second plurality of store 
addresses. / 

The apparatus of claim 11, wherein said data unit is 
configured to forward said second plurality of store 
instruction resu|fts from a plurality of store buffers 
of the microprocessor. 

The apparatus af claim 14, wherein said plurality of 
store buffers / is configured to store said second 
plurality of I store instruction results while said 
second plurality of store instruction results are 
written to a iwemory coupled to the microprocessor. 

The apparatup/ of claim 14, wherein said data unit is 
configured tto> forward a newest one of said second 
plurality ofl store instruction results if said load 
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address matches mdffre than one of said second plurality 



h -a- 



of store addresser^ J ; 



r 



The apparatus lj>f claim 11, wherein said RFC is 
configured to /iorward a newest one of said first 
plurality of d\jore instruction results if said load 
address matches-; more than one of said first plurality 



of store addre 



pes 
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An apparatus for detecting storehit conditions in a 
pipelined microprocessor in a hierarchical manner, the 
apparatus comprising: *f[ 

first comparison Jfogic, for comparing a load 

instruction loe$i address in a first stage of the 

pipeline with a first plurality of store addresses 

of first storlz instruction data in a plurality of 

stages of tb|e pipeline subsequent to said first 

pipeline state; 

second comparison logic, for comparing said load 

address with a second plurality of store addresses 
f i 

of second /store instruction data in a plurality of 
store buffers of the microprocessor; and 
control logi/c, coupled to said first and second 
comparison logic, configured to determine which of 
said first and second store instruction data is 
neweso based on said first and second comparison 

logic//comparing . 

;\ 

The apparatus of claim 18, wherein said first 
/ f 

comparisM logic is configured to compare virtual 
addresse/sj. 

The apMratus of claim 18, wherein said second 
comparison logic is configured to compare physical 
addresses . 
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An apparatus for speculatively forwarding storehit data 
in a microprocessor pipelime, the apparatus comprising: 
a plurality of virtual address comparators, for 
comparing a load add/ress with a plurality of store 
addresses to gener^ie a virtual match signal; 
a plurality of physical address comparators, for 
comparing said load address with said plurality of 
store addresses /and generating a physical match 
signal; and 

control logic, for Receiving said virtual and physical 
match signals 7 and generating a stall signal for 
stalling the/ pipeline if said physical match 
signal indicates a match between said load address 
and one of /jbaid plurality of store addresses but 
said physic/Al match signal indicates no match. 



The apparatus dp claim 21, further comprising: 

a data unit,/'/ configured to forward correct data 
/ f 

specified by the load address to replace 
previously forwarded storehit data; 
wherein saicr 'control logic is configured to deassert 



said s 



jail signal after said data unit forwards 



said cojrrect data, 
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A pipelined microprocessor Iff or speculatively forwarding 

storehit data from a first pipeline stage to a second 

pipeline stage, wherein the storehit data is specified 

r 

by a load address in the second stage, comprising: 
address region logic, configured to receive the load 
address and generaj|e a match signal to indicate 
whether the load , [address is within one of a 

rl 

plurality of non-cacheable address regions of the 
microprocessor adcjfqess space stored therein; 

forwarding logic, for ^cprwarding the storehit data from 
the first stage t|o/ the second stage during a first 
clock cycle; and 

control logic, confic|ulred to receive said match signal 
and to assert a jsftall signal during a second clock 
cycle to stall the pipeline if the load address is 
within one of j . /said plurality of non-cacheable 
address region^ J 

The microprocessor pit claim 23, further comprising: 
a bus interface limt, for receiving data from a bus 

coupled to trae microprocessor, said bus further 

coupled to d system memory and a plurality of 

peripheral devices; and 
at least one response buffer, operatively coupled to 

the secondM stage, for receiving load data 

specified j^y the load address from said bus 
* 57 



CNTR:1568 

interface unit, and flor providing said load data 
to the second stage /|;o replace the storehit data 
if the load addrafcs is within one of said 
plurality of non-caMieable address regions. 

The microprocessor of djtairri 23, wherein said plurality 
of non-cacheable regioos stored in said address region 
logic are sof tware-prcorammable • 
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A method for forwarding storehit data in a 
microprocessor pipeline, t^ie method comprising: 
detecting a storehit Condition, wherein a load 
instruction in a stage of the pipeline specifies 

previous store instruction, 
wherein said dat^f/ is still present in the 
pipeline; 



data generated by 



determining whether sajp data is present in a result 

forwarding cache cjt the microprocessor, 
selectively forwarding said data from said result 

forwarding cache ylto said stage if said data is in 

said result forwarding cache; and 
selectively forwarding said data from a data unit of 

the microprocessor to said stage if said data is 

not in said result forwarding cache. 

The method of claimj/26, further comprising: 

storing results data of each store instruction executed 

by an execution unit of the microprocessor in said 

result forwarding cache. 



The method of claim 26, wherein said detecting said 



storehit conditior 
comparing an addi 
load instru 



comprises : 
ess of said data specified by said 
tion with a plurality of store 
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instruction result datia addresses stored in the 



pipeline below said st 



determining said address matches one or more of said 



plurality of data addr 



29. The method of claim 26 



comparing an address of :> 
load instruction wi 
instruction result 



.ge; and 



ssses . 



wherein said determining 



whether said data is presept in said result forwarding 
cache comprises: 



>aid data specified by said 
th a plurality of store 
lata addresses stored in a 
predetermined numberj of stages of the pipeline 
below said stage; 
wherein said predetermined number equals a number of 
result entries in said result forwarding cache, 



□ 
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A method for speculatively forwarding storehit data in 
a microprocessor pipeline, /the method comprising: 
speculatively forwarding Btorehit data from a first 
stage to a second stafae of the pipeline based on a 
virtual address ■ comparison between a load address 
and a plurality of store addresses; 
detecting a virtual aliasing condition with respect to 
said load address /and one of said plurality of 
store addresses aased on a physical address 
comparison between said load address and said 
plurality of store addresses after said 
speculatively forwarding; and 
stalling the pipeline in response to said detecting 
said virtual aliasing condition. 

The method of claim BO, further comprising: 

forwarding correction data from a third stage of the 

pipeline to said second stage after said stalling 

the pipeline; /and 
unstalling the pipeline after said forwarding said 

correction data. 

The method of claim 30, wherein said virtual aliasing 
condition comprises a condition wherein said load 
address and one of said plurality of store addresses 
are different, but wherein said load address and said 
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one of said plurality/ of store addresses map to an 
identical physical address. 

The method of claim / 30, wherein said storehit data 
comprises a store /instruction result within the 
pipeline having an identical physical store address as 
said physical load apdress. 

A method for speculatively forwarding storehit data in 
a microprocessor pipeline, the method comprising: 
detecting a storenit condition by comparing a load 

address with i plurality of store addresses; 
speculatively forwarding storehit data in response to 

said detecting said storehit condition; 
determining said toad address is within a non-cacheable 

address region subsequent to said speculatively 



forwarding; 



stalling the pipeline in response to said determining 



said load 



and 



address is within a non-cacheable 



address region. 
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